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factor and diminished by the temper- 
therniometer multiplied b a certain 

that the factor w i ich ought 

ture of the dry a t ermometer enters with a factor that is 

fluence t R e cooling of the ground and whic a need to be 

to be applied to the temperature of the wet thermometer 
is very nearly e ual to 1 and further that the tempers 

This leaves the equation Twin. = t, - k, or the 
wet-b not lY b temperature minus a constant (k) as indicated 
above. 

The author says in closinq, “ * * * : Still there are 
some im ortant factors left, w h i c h h  a hi h degree in- 

. 

more thoroughly considered. I allude to the con- 
ductivity, heat capacity, and temperature gradient of 
the ground, which all are important causes of the local 
variations in minimum temperatures found. at places 
situated near to one another. ‘ reat progress rn our p r e  
clitions of temperature changes of the ground will never 
be possible until these last-named. problems are seriously 
at  tacked.” 

Dr. Franklin’s investigations reviewed (above or on 
pp. 639-640) cover the points referred to by Dr. h g -  
strom.-J. lfiirren SmitA. 

PROBLEMS ON THE RELATION BETWEEN WEATHER AND CROPS. 

LLOYD D. VAUGEAN. 
[TifRn, Ohio. Nov. 24,1820.1 

For any crop of grain, fruit, or vegetables to come up 
to what is known to 

to its require- 
ments. The weather is b far the most variable and 
uncertain of the three an B the study of its relation to 
crop growth presents a multitude of problems, the com- 

lete solution of which can not fail to be of considerable 
genefit to practical agriculture 
By the solution of these problems the relation between 

the weather and crops can be established on a quanti- 
tative basis so that we ma know the esact reason for 
any particuiar seasonal resu 7 t for a certain crop and un- 
derstand the connection between the coincident numer- 
ical values of crop growth or yield and weather condi- 
tions. 

The following notes and list of problems will show that 
a great many observations and ex eriments of a special 
nature are requmd in this work 2 the results are to be 
of any real orpermanent value. It would be advisable 
for this investigation to cover each locality where any 
of these conditions are different from those of another 

*for .It to include as many of these separate localities 
as possible. 

1. Temperature.-(aa) Observation of the daily ranqe 
of temperature, or its variation in value during the full 
period of 24 hours. Data on the aver e daily tempera- 

certain hours during the day. 
(6) Surface temperatures of the soil under variant con- 

ditions. 
(c) Difference between soil and air temperatures. 
(d) The amount of sunlight and radiation received 

and the presence of haze or cloudiness. 
2. HumirEity.-(u) Humidity, its reJation to other 

weather factors and their combined influence on plant 
growth. 

(b) The study of the sequence of changes in claily 
temperature, hiniidity, etc., from which predictions for 
mimmum temperatures or frost conditions can be made. 

3. R&nfaZ.-(n) Duration, or the amount falliiig 
within a certain time. This study is important in order 
to determine the effect of any quantity of rain on plant 
grow,th. It is very unlikely that 1 inch of rainfall in a 
period of one hour would be of as much benefit to a crop as 
would the same amount distributed over a three- to s k -  
hour period. 

In other words, the element of time as well as quantity 
ahodd be taken into account and a record kept of t h s  

ture are required for this urpose rat TI er than the in- 
stantaneous values noted { ut  two or three times at 

relation, so that by this or other means it may be possible 
to compare the total hours and inches of rainfall with the 
growth or yield of any crops. 

( b )  It is also important that a special note should be 
made of the time or part of the day when the precipitation 
occurs, and also of the soil conditions, temperature, sun- 
shine or cloudiness, etc., immediately receding, and for 
several hours following, any apprecia g le rainfall during 
the growing seaaon. 

(c) Temperature of catch. 
Cd) Evaporation rates, etc. 
(e) Difference between soil and air moisture. . Cf) The absorption of rainfall by soils and relative effect 

on plant growth. 
4. Eflect of lmo tempra.tures on wheat and &vet-.- 

There are three rincipd causes of the winter killing of 
these crops: (1) mothering under an ice sheet, water, or 
packed and frozen snow; (2) heaving out by alternate 
treezing. and thawing; (3) freezing by long-continued 
cold while having no protection. 

Wheat seems to be able to withstand cold to tempera- 
tures possibly 10 or more degrees below freezing, but 
when these temperatures remain this low for any great 
length of time the plants, especially those near a crack in 
the soil, or which have their crown and roots exposed by 
the action of the wind and revious thawing, are likely 
to be frozen unless protectecfin some way. 

A large total of snowfall during the dormant st e does 

as being the reason for the favorable outcome of this crop 
through the winter months. - 

The number of days showing tho presence of snow 
enough to cover the plants com letely may be a better 

be well covered with snow through the major portion of 
the winter, when along toward spring there are a few 
days of thawing followed by a week or two of very cold 
weather, while the ground is nearly bare, which,mll dis- 
count the advantage gained through being protected all 
winter. The important point is that the ground should 
be covered with snow dumg the time that any conditions 
esist which niay have an unfavorable effect on the winter 
survival of wheat, clover, and similar crops. 

The kind of soil, the amount 01 moisture and organic 
matter contained therein, surface and under drainawe, 
and the fall growth of these plants also have considerahe 
to do with their survival through the winter season.. 

Data are needed in regard to the most favorable or 
unfavorable winter conditions for wheat, clover, various 
fruits, etc., as to the different ways in which they may be 
affected by the weather in combination with vanous 
modifications of the other factors named above. Also 

not furnish a very reliable condition on which to 3 epend 

indication, but as is sometimes t Yl e case the wheat may 
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on the frequency of freezing and thawing, depth of freez 
ing, the rapidity of change of temperature, and the 
extent of thls variation. 

5. Correlation of weather a d  plrtnt grmdt,.-(n) Com- 
parison of yields of various crops with complete records 
of the weather conditions associated with them. 

This study should cover as long a period and include 
as many sets of conditions as ossible, in order to deter- 

yields and to learn the cause and effect of any departure 
from these normal values. 

(b )  Effect of weather conditions on the germination of 
seed, early growth, blossoming, formation of grain or 
fruit and the maturing of various farm crops. 

More complete data are needed as to the effect of 
weather on the gme of blossoming, formation of grain 
or fruit and the ripening of these di9erent cro s. Also 

etc., 
as re 7 ated to the partwular weather conditions espe- 

'rienced durin the season in which theg were grown. 

temperature and recipitation as related to its effect on 
plant growth an%the total heat, sunshine, and rainfall 
required t o  bring about a certain stage of growth and 
ta produce and mature a full crop in the average time 
usually considered to he the growing season of any of the 
different crop l a n k  

(d) PhysicJ  and physiological studies of plants coni- 
pared with weather. The combined influence and pro- 
portional effect of all the different factors of climate and 
weather on the development of any crop, as shown hy 
continual observations of the rate of growth and estent 
of changes produced in the plant itself, from the t,ime 
of planting until harvest. 

bacteria and otheF soil 

phos horus, potash, and other plant food elements, and 
the e ree to which-any lnnt may be able to utilize 
these sements, as depen ent on tho weather, or the 
temperature and moist.ure condit.ions of the soil during 
the season. 

8. The effect of the weather on the propagahn niid 
natural control of insect pests and plant diseases. The 
damage done to crops by the chinch b y  Hessiai) fly, 
potato blight, various rusts, smut, an many other 
insects and diseases affecting fruif, and gra.in cro s depend 

experienced during certmn periods of the year. 
9. The influence of the weather on the prevalence and 

s read of animal diseases. There is already some evidence 
t 1 a t  many diseases of farm live stock, particularly those 
of a contagious nature, are subject to certain favorable 
or unfavorable weather conditions. 

10. Mathematical analysis or correlation of the data 
collixted on the relation of different meteorological 
factors to plant. rowth. 

be added to this list, but it is intended only to point out. 
the different grou s of roblems and the several lines of 

stations or other institutions where coniplete records are 
kept of the results of other investigations relating to 
agriculture. 

Now the question ma be asked, what practical value 

these problems, since the weather conditions wfich may 

mine the normal values of bot R weather factors and crop 

in re ard to the quality of grain, fruit, vegetades, P 
(c )  The dm 9 y, monthly, or seasonal distribution of 

6. The effect of sunshine, and precipitn- 

K B 

to a great estent on tlie particular kind o P weather 

There are, no f oubt, many other problems u-hich could 

investigation whic ! I f  c?u d. be carried on by our esperiment 

can be expected to be J erived.from the investi ation of 

cause either the success or failure of a crop must neces- 
sarilv he a thing of the past before their effect can be 
studied. I 

One answer to this question is found in the fact that a 
clear knowledge of the efTec.t of different weather condi- 
tions on crop p1ant.s at various stages of growth, may 
afford a fairly accurate idea of what effect any of these 
conditions might have on the subsequent development 
of a crop, and from t.his a better forecast can be made as 
to its final oiitcoine and any dependent plans ca.n there- 
fore be made or changed accordingly. 

If we should have the same range of temperature and 
receive the same aniount of light, heat, and recipitation 

esperiniental and ractical agriculture would robably 

fertilizers and culture, because then we should have some 
way of knowing about what results were to be expected 
each season. 

Rut since the different weather factors vary greatly 
from one year to anot,her, both i t s  t o  uantity and uality 
and in their geographic and seasonal 8 istribution, t x ere IS 
always a different conibinat,ion of circumstances sur- 
rounding the growth of each ear's crops. 

These different sets of conc&ions may affect the growth 
of n plant in so many different ways that ij, is only by 
means of a well planned and estended series of careful 
field observations and the. mathematical correlation of 
t,lieir r e s u b  that we can expect to eliminate the uncer- 
bainity concernin the effect of any particular set of 

principles toward improving our systems of soil treatment, 
varieties, and the met.hods of culture and handling of any 
'cro . 

Perhaps no very radical improvement can be made, but 
it seems reasonable to expect that this knowledge should 
tend to increase the efficiency of our methods. 

In  any esperiniental fertility work, for instance, 
without accurate data in regard to the effect which 
varions weather factors may have on soils and on plant 
growth, it  is often quite di#€icult to determine just what 
part of t.he annual variations in the ratio between the 
resu1t.s froin two or more p1ot.s in a conipatative t.est 
may be due to differences in soil t,reatment or to differ- 
ences in the character of the weather conditions. 

A certain kind, quantity, or combination of fertilizers, 
or a certain variety of grain or method of culture, may 
show an apparent; advantage one year: while during the 
nest year or two the seasonal conditions niay be such as 
to cause the result to be entirely reversed and possibly 
another treatment or variety iiiay return the most profit.. 

Or, as it is often the case, a crop of corn may not ear up 
well, or the wheat, oats, or clover may not grow or fill as 
it should, and again the potatoes or fruit may be subject 
to snnie unfavorable influence of the weather durin the 
time of blossoming, ripening, or other critical perio % s of 
their growth. 

The real cause of all t,hese effects are usually only 
guessed at  and several plausible explanations may br 
offered, but it would often be F uite rofitable to know the 
esact reason for them, as we1 1 %  as t ose which may cause 
a very good growth and ield. 

vtwieties, cultural methods and fertilizer treatments can 

ossihlg ten or more years of experiment, but it shod T only bo l e m e d  from the a.verage of results cov 

!e obvious that a more exact approxiniation could be 

at  the same articular time each year, and i P this should 
occur year a P ter year in a uniform annual cycle. then both 

be reduced to simp P y a matter of difference in so&, seeds, 

conditions on the k ife history of a plant and to apply these 

I t  19 wcll knowm that t iT e compk ative merits of different 
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ade if complete and reliable data were avuilahle con- 
rnin the relation of the weather to any irregular or 

nnua f variations in these tests. 
The success or f d u r e  of a year’s vt ork is dependent on 

the amount in wliich the crops niay be. favored bv the 
weather, and although the farmer has no means of coli- 
trol over this element. there may be found several wa s 
in which it is possible to take advantage of seeming 9 y 
unfavorabie conditions. 

14.01- this reason any fitcts w-hi4 c i m y  hu established 
through the investigntion of these ,rob ems will help to 
iiw us a scientific knowledge of t b .e dilfereiit relations 

fetween weather am1 cro s, and this 1.mowleijge put in 
workable form will enah 7 e a.griculturn1 e.; mmieii ters, 
students, and farmers to clenr. lip many t ings \\ Iiich 
are so little understood at  this time, and themby greatly 
improre the prescnt status of agricultural practice. 

h 

THE INFLUENCE OF METEOROLOGICAL PHENOMENA ON 
VEGETATION. 

Revue Seientiflque, FelJruary, 1920,pp. 115-116. 

Translated by KATHARINE DAVIS. 

Dr. Ami, of t.he University of Rome, ham studied the 
relatinns esisting between the critical )eriods of wge- 

sists of observing ?t the sanie time the biobgical phe- 
nomena which dominate the life of plants and tlie meteor- 
ological phenomena which react on them with the greatest 
intensity. (Treatise presented by &I. G. Wery to the 
Academy of Agriculture .) 

Vegetntion presents critical period3 which are controlled 
by meteorologicd phenomena, rain: humidity !moisture), 
frost, heat, a d  drpess.  Each period corresponds to a 
particular phase in the life of the plant; thus the critical 
period of vegetation of whent with respect to rain is t-hat, 
of variable duration, when this cereal requires, a.bso- 
lutely, a mhiiium of water. If rain does i i ~ t  fall at  the 
precise time when the wain is in this critical period with 
rm ect to water, its aevslopment is hindered and the 
yie P d will be rlimiuihed. 

I n  the su.me way .for fruit trees, if the heat which is 
nectssnry for them in tho corresponding critical period 
is less than they require, the crop will be decrensed. 
(Leaf of Information of the Minister of Agric.iilture.! 

Knowin the critical eriods, it ia necwswfir to know 
what are t ? ie mean epoc ! s of the year when t f iese occur 
for each one of the cultivated plants. epochs which vtir 7 

with the region. One may then dritw charts to whic h 
th.e author has given tlie name phenoscopic charts. 

For each cultivated pl!int there are tis rnanp phenoscopic 
charts there are critical periods and decisive meteor- 
010 ical factors; thus, there FP four for grains relative 
to f umidity (moisture! ; gemmation, enring, flowwing. 
and maturity of grains. 

Dryness being reccgnizqid as t.he $eterniining cause for 
diminished return of gam crops in a particular zone, 
three methods are posslble to a iculturists for offsetting 
this condition. (1) To avoid t f e phase of veWeta.tion to 
which the critical eriod corresponds by moaifying the 
time of seeding; (2 1; by modifying artificially the meteor- 
010 ‘cal conditions during the critical period by irrigation 
if t f at ig possible; and (3) to select grain in such a way 
as to obtain a vtiriety which will res i t  the injurious 
meteorological phenomenon, dryness for esample. 

tation a d  meteordogid phenomona. I lis method con- 

m10-2l-2 

Phenoscopic charts ma)., thon. assist to a knowledge 
I,! climutic condition3 as gcc:logicnl charts assist to a 
I.i?oaledge of tlie soil and consequently of €ortility. 

THE INFLUENCE OF COLD IN STIMULATING THE GROWTH 
OF PLANTS. 

n y  FREDERICK k. COVILLE. 

[Abstracted from Joarnal ofdpricuZluwZ Rrsrarch, vol. 20, No. 2, Oct. 15, 1920.1 

I t  is the gcileral hcliof that dormancy. in wint,er of our 
native trees slid shrubs is brought about by cold weather, 
a id  that warm weather is of itself sufficient to start new 
growth in spring. Mr. Coville shows that both of these 
ideas are erroneous. From a number of very interesting 
a i d  instructive espcriments with blueberry lants under 
controlled conditions, it is shown that col I! weather is 
not nccessary for tlie establishment of complete dor- 

in each case. 
Healthy blueberry plants were put into a greenhouse 

at  the end of summer and kept at  ordinary growing tem- 
peratures, but they gradually dropped their leaws and 
finally went into a . condition of complete dormtimy. 
The only difference Betw-eeii the behavior of the indoor 
and outdoor specimens was a tardiness of the former in 
rtssuniing dormancy, probably due to a lack of injury to 
tlie foliage by freezing teniperature. 

Plants that were kept coiit~uously warm during the 
winter started into growth much later in s ring than 

some t,liat had been outdoors tlurhig tlie winter were 
brought into tlie greenhouse hi early spring. The latter 
burst hito leaf mid flower lusuriantly, wlule the former 
remained completely dormant. In some cases, plants 
remained dormant a whole year under heat, light, and 
moisture coiiditioiis favorable for lusuriant growth. As 
a further test of the matter, some of the branches of a 
plant were extended through an opeiihi 

just oukide with some of the branches extending into 
tlie house. When spring came the outdoor branches, *in 
both cases, ut out leaves promptly and normally, but 

In espla~iation of these phenomeiia, Mr. Coville points 
out that the stlliiulatiug effect produced on. dormant 
plants by cold is intimately associated with the trans- 
forniatioii of stored starch into sugar. Stated in terms of 
simplicity, strip led of technical phraseology, the theory 

the process of chilling is that the starch grains stored in 
the cells of the plant are at  first separated by the livin 
and active cell membranes from the eiizym that woul 
transform the starch into sugar, but when the plant is 
chilled the vital acti-rity of the cell membrane is weakened 
so that the enzyni “leaks” through it, comes in contact 
with the starch, mid turiis it into sugar. 

those that were suhjected.to a period of ch’ s ling, while 

house in one case, and in another the p k ant in was the placed green- 

the interior E ranches renifiined dormant. 

dvmiced in esp ’1 anation of the forniatioii o sugar duriug 

f 


